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cellular granular material, and foci of vacuolar degen-
eration of basal and parabasal keratinocytes. The extra-
cellular granular material appeared to be derived from 
the cytoplasm of vacuolated keratinocytes. 
The abnormalities were observed in greatest abun-
dance in the normally pigmented skin of patients with 
rapidly progressing or stable disease. They were absent 
from repigmenting skin and from the skin of healthy 
controls. Epidermal infiltrates of mononuclear leuko-
cytes were seen only in the normally pigmented skin of 
the 2 patients whose vitiligo was resistant to treatment. 
Our observations indicate that cellular degeneration 
and the generation of debris in vitiligo are not limited to 
melanocytes but include keratinocytes and probably 
whole epidermal melanin units. Our findings also indi-
cate that the fine structure of the epidermis in normal-
appearing skin is markedly altered by the disease proc-
ess in patients with vitiligo. 
Vitiligo is an acquired, progressive depigmenting disorder of 
unknown etiology. The clinical syndrome begins with the ap-
pearance of white spots in otherwise normal-appearing skin. 
The disease may progTess to total depigmentation of the skin 
and hair and may affect the pigment cells at other sites such as 
the eye and internal ear. 
Electron microscopic studies of skin from patients with viti-
ligo have been limited to t he white patches and their immediate 
borders [1-6]. The stage or activity of the patients' disease was 
not always defined, and no attention was paid to the possibility 
that vitiligo may be a syndrome with several causes. Absence 
of melanocytes and the presence of basal Langerhans cells were 
the dominant changes seen in the white patches. The pigmented 
border regions, in addition to harboring basal Langerhans cells, 
showed evidence of disintegration of melanocytes. The number 
of mononuclear leukocytes and macrophages in the papillary 
dermis was reported to be higher than normal. Degenerative 
abnormalities of a sm all proportion of papillary dermal nei"ve 
fibers have been described. Frequent association of nerve end-
ings with normal and damaged melanocytes has also been 
reported. 
The keratinocytes of the white patches, borders, a nd adjacent 
normally pigmented skin were referred to as normal. Only 
Breathnach et al [2] noted mild vesiculation in basal keratino-
cytes in the vitiliginous epidermis of one patient, and Bhawan 
and Bhutani observed focal areas of basal keratinocytic vacu-
olization in association with lymphocytic infiltrates into the 
dermis and epidermis immediately adjacent to vitil iginous 
patches [7]. 
The published findings give little clue to the etiology of the 
loss of pigment cells in vitiligo. Such clues m ay, however, exist 
in the normal-appearing skin. We have, therefore, examined 
multiple skin specimens from defined groups of pa tients. New 
observations made by this approach are deposits of extracellular 
granular material in the basal epidermis and large-scale degen-
eration of basal and para basal keratinocytes. Both abnormali-
ties extend as far as 15 cm into the normally pigmented epider-
mis of patients with active vitiligo. These changes are absent 
from the skin of healthy individuals and from skin of vitiligo 
patients who are repigmenting spontaneously or in response to 
therapy with psorale n plus sunlight. 
W e have also found that t he epidermal deposition of extra-
cellular granular material is not confined to patients with viti-
ligo. This material is present in juvenile patients with insulin-
dependent dia betes mellitus and in patients with lupus erythe-
matosus. 
MATERIALS AND METHODS 
Selection of Patient" and Sites of Biopsy 
The 28 patients on which we are reporting had common vitiligo 
(vitiligo vulgaris). Patients with segmental vitiligo 01' other localized 
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forms of leukoderma, those with chemically induced vitiligo, or vitiligo 
associated with melanomas were not included in this study. The pa-
tients were categorized into 4 groups according to the activity of their 
disease (Table I): (1) those with progressing vitiligo who reported 
lesions enlarging in the 6 weeks prior to biopsy; (2) those with sLable 
vitiligo in whom no lesions had been enlarging or repigmenting in t he 
6 weeks prior to biopsy; (3) those with repigmenting vitiligo who had 
observed marginal or foll icu lar repigmentation of some lesions in the 6 
weeks prior to biopsy; and (4) 2 patients were singled out as a fourth 
group in whom depigmentation was progressing despite treatment. The 
patients of the latter two groups were being treated 3 times a week 
with trimethoxypsoralen (Elder), ingested approximately 2 hI' prior to 
sunbathing. They were requested to apply liberal amounts of sunscreen 
(5% para-aminobenwic acid) to the exposed skin. Thei..r biopsies were 
taken in early autumn. None of the patients of the first two groups was 
on any form of therapy for vitiligo, and most of their biopsies were 
taken in the ear ly spring. 
Most of the biopsy specimens came from the anterior surface of an 
upper limb. Specimens from clinically normal forearm skin of 17 indi-
viduals without vitiligo were examined as controls. No selection of 
patients or control individuals was influenced by age. Ages ranged fTom 
the second to the seventh decade of life. 
Preparation of Biopsy Specimen.s 
Three punch (2- or 3-mm) or shave biopsies were taken from each 
patient: (W) from a white patch, 5-10 mm away from the border; (1) 
from the border of the same lesion including the pigmented and white 
interface; and (P) from normally pigmented skin 1-5 cm from the site 
of the interface biopsy. In 1 patient the pigmented specimen was Laken 
at a distance of 15 em from the border of a biopsied lesion. 
The prospective sites of biopsy were anesthetized by ei..rcumferential, 
deep tangential, subcutaneous infiltration wiLh lidocaine-HCI 1%. Ex-
cised tissues were placed immediately into one of several fixative 
solutions (see below) and were trimmed to blocks approximately 1 mm3. 
All subdermal tissue and some of the dermis were cut away. 
Most specimens were fixed overnight at 4°C in Karnovsky's fixative 
[8] diluted to half strength. In order to determine possible differential 
effects 0(' fi..xation on the degradative changes observed, we also studied 
specimens fixed under other conditions: in 3% glutaraldehyde for 2-4 
hI' at room temperature, or ove.l'l1 ight aL 4°C; or in half- or quarter-
strength Karnovsky's fixative for 4 hI' at 4°C or at room temperature. 
All fixative solutions were buffered to pH 7.2 with 0.1 M sodium 
cacodylate buffer. 
After fixation in a ldehyde, the tissues were immersed in buffered 1% 
osmium tetroxide (1 hr) , fo llowed by immersion in 0.5% aqueous uranyl 
acetate (30 min). The 3 ('ixation steps were separated by rinses with 
sodi um cacodylate buffer. The tissues were then dehydrated in increas-
ing concentrations of ethanol and embedded in Spun's 10w-viscociLy 
epoxy mixture [9]. 
Microscopy 
Ultrathin sections were cut with a diamond knife on an LKB Ultro-
tome III. T hey were "stained" in a saturated solution of uranyl acetate 
followed by Reynold's lead citrate [10] and were examined in a Zeiss 
9S-2 transmission electron microscope. Adjacent semithin sections (1 
/-Lm) were stained with to luidine blue and azure II for observation with 
the light microscope. 
Evaluation. of Electron Micrographs 
Twenty to 60 electron micrographs were taken of' each biopsy site. 
To quantitate the impressions gained in viewing the more than 4000 
prints, a scale of abnormali ties was established. Different degrees of 
the two dominant abnormalities were graded 0-4, with 0 representing 
normal appearance and 1- 4 representing increasing abnormality . Fi-
nally, each biopsy site was classified according to the highest grade of 
abnormality observed. T he crite ria ('or grading are given in Results, 
following the description of the respective abnormalities. 
RESULTS 
Extracellular Granular Material (EGM) 
Granular material, deposited between celis, was found almost 
exclusively in the epidermis and was identifiable only with t h e 
electron microscope. EGM occupied dilated intercellular spaces 
between the basal layers 1-3 of keratinocytes (Fig la). Com-
pacted granules were often lodged between basal cells and the 
basem ent membrane (Fig Ib). In a few specimens the gra nular 
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TABLE I. Distribution and relative amounts of two ultrastructural abnormalities in vitiligo 
Distance Extracellular granular material Degeneration of kertinocytes 
Vitiligo of 
Activity of disease patient # P from I P" (em) 
Progressing 1 ++ 
2 1 ++ 
3 2 + 
4 5 +++ 
5 5 0 
6 5 0 
7 5 ++ 
8 5 ++++ 
9 5 +++ 
10 5 + 
11 5 ++ 
12 5 ++ 
13 15 +++ 
Stable 14 1 +++ 
15 5 ++ 
16 5 ++ 
17 5 ++ 
18 5 + 
19 5 +++ 
Treated and repigmenting 20" 1 0 
21 1 0 
22 2 +++ 
23 2 0 
24 5 0 
25 5 0 
26 5 + 
Treated but not responding" 27 ++++ 
28 +++ 
" Biopsy from normally pigme.nted area. 
/. Biopsy from interface of white and pigmented areas . 
.. Biopsy from white area. 
d Patient repigmenting spontaneously. 
,. See text for possible significance of this rudimentary subgroup. 
components of EGM were noted in the superficial portion of 
the papillary dermis and in phagocytic vacuoles of Schwann 
cells and dermal macrophages. 
EGM clo ely resembles peripheral keratinocyte cytoplasm 
containing [Tee ribosomes. No other formed cytoplasmic con-
stituents such as mitochondria or endoplasmic reticulum are 
present (Fig la, b) . Occasionally EGM contains remnants of 
smooth membranes or melanosomes. Tonofilaments or Langer-
hans cell granules have never been observed. The granules are 
the most conspicuous component of EGM. They be within a 
finely floccular matrix which resembles the ground cytoplasm 
of keratinocytes but not that of melanocytes or Langerhans 
cells. 
By definition, EGM lacks a limiting membrane. When EGM-
like material was enclosed by a membrane it was considered to 
be part of a cell . Material that we interpret to be incipient EGM 
is fo und intracellularly near cytoplasmic vacuoles of degener-
ating keratinocytes (Fig 2). 
The criteria for grading the EGM were the following. Grade 
4: EGM completely filled dilated interspaces between opposing 
faces of adjacent cells, as illustrated in Fig la. Grade 1: a 
minimal amount of EGM, consisting of 3-50 granules, spotted 
occasionally. Grades 2 and 3 are intermediate between these 
two extremes. 
EGM was most abundant in the progressing and stable 
disease groups (Table I). Within the progressing group there 
was a clustering to the normally pigmented regions. This trend 
was not so appm'ent in patients with stable vitiligo. In patients 
repigmenting spontaneously or as the result of therapy, EGM 
was reduced drastically and was often absent. 
EGM was absent from normal ep idermis of healthy control 
volunteers. T he extracellular material was, however , abundant 
] " W' P" I"~ W' 
+ 0 ++ 0 + 
+++ 0 +++ ++ + 
0 0 ++ + + 
++ +++ +++ ++ ++++ 
0 0 +++ ++ + 
0 0 + + +++ 
+ + ++++ +++ ++++ 
0 0 ++ + + 
0 0 ++ ++ + 
0 0 ++ + + 
0 0 +++ +++ ++ 
+++ 0 ++ +++ ++ 
++ +++ +++ 
++ 0 ++ +++ ++ 
++ +++ +++ ++ +++ 
++ ++ ++ ++ + 
+ ++ ++ ++ + 
+ + ++ + ++ 
+ 0 ++++ + + 
0 0 + + 0 
0 0 0 0 + 
0 0 +++ + 0 
0 0 + + 0 
0 ++ 0 0 ++ 
++ + + ++ ++ 
+ + + + + 
0 0 ++++ + + 
++ 0 + 0 0 
in the epidermis of 7 juvenile patients with insulin-dependent 
diabetes mellitus, and traces of EGM were found in 2 patients 
with lupus erythematosus (G. Moellmann, A. Keh-Yen, and I. 
M. Braverman, unpublished). 
Vacu.olar Degeneration of Keratinocytes 
Like EGM, degeneration of keratinocytes was confined to the 
basal layers 1-3 of the epidermis. Severe vacuolization was 
recognized easily with the light microscope by examination of 
semithin sections (Fig 3P). The vacuolization occUl'red focally, 
particularly aI'ound dermal papillae. Where present, the degen-
eration affected most of the basal cells. Perhaps the most 
pertinent abnormality seen in keratinocytes was the preferential 
degeneration of those portions of the cytoplasm that were 
immediately adjacent to a melanocyte (Figs 4-6). 
Degenerative changes in keratinocytes included: (grade 1) 
dilation of the endoplasmic reticulum and swelling ofmitochon-
dl'ia with loss of mitochondrial matrix (Figs 2, 4, 7); (grade 2) 
raI'efaction of portions of peripheral cytoplasm (intracellular 
edema) (Figs 4-6); (grades 3 and 4) formation of cytoplasmic 
vacuoles with or without limiting membranes (Figs lb, 2, 3, 6, 
7); and (not included in the grading) loss of desmosomes or 
hemidesmosomes. 
In the progressing and stable disease groups, the normally 
pigmented regions were affected more than the depigmented 
regions (Table I, Figs lb, 3-8) but the clustering was less 
pronounced than in the case of the extracellular granular ma-
terial. In patients repigmenting spontaneously or as the result 
of therapy, degeneration of keratinocytes was reduced and was 
often absent. 
Degeneration of keratinocytes was absent from 12 of the 17 
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F IG 1. Extracellular granular material (EGM) grade 4. a, Granules of the size and electron density of ribosomes, embedded in a finely floccular 
matrix, fill-dilated epidermal. in tercellular spaces (*) flanked by 3 healthy-appearing keratinocytes (K) and the epidermal basement membrane 
(arrowheads). Patient #8, P (5 em). Scale bar = 0.5 /Lm. b, Compacted EGM ( * ). Granules have accumulaLed between the basement membrane 
(arrowheads) and a degenerated basal ce ll (DJ() . Note linear arrangement of similar granules within a cytoplasmic vacuole (CV). Patient # 10, 
P (5 em). Scale bar = 0.5 /Lm. 
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FIG 2. A possible origin of EGM. Aggregates of free cytoplasmic ribosomes (R), as opposed to ribosome attached to endoplasmic reticulum 
(arrowheads), surround intracellular vacuoles (CV) in peripheral cell extensions of 2 adjo ining keratinocytes. Compare these aggregates with 
EGM (*) in Fig 1. Patient # 20, I. Scale bar = 0.5 p.m. 
FIG 3. Degeneration of keratinocytes, grade 4, as seen by light microscopy. Compare the extent of vacuolar degeneration of keratinocytes in 
the normally pigmented epidermis (P) (5 cm) with the healthy appearance of the epithelium of the depigmented epidermis (W) of the sam e 
patient(#19). x 800. 
control individuals. Of the remaining 5 controls, 4 showed grade 
1 changes and 1 had degeneration grade 2. 
Other Findings 
The amount of EGM and the severity of the vacuolar degen-
eration of keratinocytes were not affected by the differences in 
the procedure of aldehyde fixation described. An intriguing 
observation was the healthy morphology of many melanocytes 
in normally pigmented regions in which keratinocytes with 
extreme degradative changes were noted (e.g., Fig 6). The 
Langerhans cells of such regions possessed extensively infolded 
plasma membranes and large numbers of characteristic (Bir-
beck) granules with prominent vesicular outpouchings. The 
uncharacteristic basal position of many Langerhans cells ob-
served by others in vitiliginous patches [1-5] and immediate 
pigmented border areas [2] was encountered as far as 15 cm 
from the nearest white spot. 
Epidermal infiltrates of lymphocytes or mononucleru: cells 
other than Langerhans cells were ra.re. An exception to this rule 
occurred in specimens 27P and 28P (Fig 8P) which had come 
from the 2 patients whose vitiligo was resistant to treatment. 
No comparable infiltrates were seen in the vitiliginous areas of 
these patients (Fig 8W). The skin of patient #27 was reexam-
ined 2 yeru.·s after the initial biopsy, and the findings were 
identical with those of the previous examination. 
DISCUSSION 
Two striking changes were recorded by electron microscopy 
in the epidermis of patients with vitiligo: accumulation of EGM 
and focal vacuolru.· degeneration of basal keratinocytes. Both 
changes were most prominent in the pigmented, clinically nor-
mal skin of patients with rapidly progressing depigmentation. 
Although it was not possible to correlate the quantity of EGM 
with the extent of vacuolru' degeneration, we have the impres-
sion that the two abnormalities are related, i.e., that the extra-
cellular granular material is cytoplasmic debris liberated from 
degenerated keratinocytes. The fate of the EGM is not known. 
There was minimal evidence to suggest phagocytosis of this 
material by keratinocytes, Langerhans celis, or dermal macro-
phages. Since EGM in the epidermis was observed only in basal 
layers, its disposal by apical shedding is unlikely. 
The fine-structural appearance of the degenerative changes 
in keratinocytes is consistent with cellular necrosis and apop-
tosis, as defined by Wyllie and colleagues [11]. The swelling of 
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FIG 4. Degeneration of 2 keratinocytes (DK) grade 2, immediate ly adjacent to 2 melanocytes Mel, and Mel2. By light microscopy such areas 
can be mistaken as "clear-ceU" cytoplasm of the melanocytes. Patient #6, P (5 cm). Scale bar = 5 Mm. 
FIG 5. Higher magnification of Mel2 of Fig 4 and adjacent keratinocyte. The well -developed Golgi apparatus (G) of the melanocyte is fac ing 
the degenerating zone of the keratinocyte (DK2 ). Patient #6, P (5 em) . Scale bar = 1 Mm. 
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FIG 6. Advanced degeneration of keratinocytes (DJ(,,) , adjacent to a melanocyte (Mel) . Patient 7, P (5 cm). Scale bar = 1 fLm. 
m embra ne-bound organelles; the intracellulal' edema, and the' 
formation of vacuoles are early signs of necrosis. Condensation 
of cytoplasm and shedding of peripheral portions of cells are 
ch aracteristic of apoptosis. However, no evidence of keratino-
cyte death was apparent . Signs of nuclear dissolution (necrosis) 
or condensation and fl'agmentation (apoptosis) were not ob-
served, and no nuclear remnants appeal'ed as apoptotic bodies, 
nor were recognizable components of EGM. The occasional 
colloid-amyloid bodies, which were located immediately above 
or below the basement mem brane, appear ed to have been 
derived from dying melanocytes and not fl'om keratinocytes, as 
is the case in some hyperplastic skin diseases, including the 
l esions of lichen planus and psoriatic lesions treated with PUV A 
[12]. We ascribe the healthy appearance of the epidermis of the 
vit iligo patients repigmenting with t reatment by psoralen plus 
sunligh t to the use of sunscreen. 
Preferential degeneration of the portions of keratinocytes 
that touched on a melanocyte was a fascinating discovery. A 
causal rela tionship may exist between the pJ'Oximity of the 
pigment cell and the lytic changes in th e keratinocytes. The 
degenerative a bnormalities of keratinocytes in vit iligo resemble 
those occurring dur ing lymphocyte- or lymphotoxin-target cell 
in teractions in vitro [13,14] or dUl'ing lysis of keratinocytes 
adjacent to Langerhans cells in herald lesions of pityriasis rosea 
[15). 
Because of t he intimate relationship between melanocytes 
and keratinocytes d1\ring pigment transfer [16,17], the smface 
contacts between the two typ es of epidermal cell are extensive. 
All members of t he keratinocyte pool that are served by a single 
melanocyte could be affected by t hat pigment cell. The clusters 
of degenerating keratinocytes seen by ligh t microscopy may 
represent a response of an entire epidermal melanin unit to its 
resident melanocyte. 
The above considerations are compatible with the hypothesis 
of melanocytic self-destruction in vit iligo [18]. This hypothesis 
predicts t hat toxic in termediates of melanogenesis [18,19] may 
brin g a bout the destruction of the pigment cells. We predict 
that these toxic in termediates may affect not only the melano-
cyte but also its adjoining keratinocytes. As demonstrated in 
vitro, actively melanizing cells release an agent that inhibits the 
proliferation not only of like cells but also of fibroblasts [20]. 
The ultrastructmal abnormalities described here occm also 
in the skin of patien ts with conditions other than vitiligo, e.g., 
in th e epiderm!s of childl'en with insulin-dependent diabetes 
melli tus, or in the hyperpigmented lesions of macular amyloi-
dosis [21 *]. Perhaps cells of patients with vitiligo and of patients 
with a utoin1mune endocrine disorders share a defect that in-
creases th eir sllsceptibili ty to toxic by-products of melanogen-
esis. Such a generalized defect could explain th e clustering of 
vitiligo with organ-specific autoantibody-associated diseases 
[22,23]. 
The hypoth esis of an immunogenic etiology of vitiligo [18,24] 
gained upport only in the 2 patients who were resistant to 
psoralen plus sunligh t therapy and who were th e only ones that 
presen ted evidence of marked epidermal infiltration by mono-
nuclear leukocytes. 
Why were the presence of EGM and the degeneration of 
keratinocytes in vit iligo not described before? With the light 
microscope the dam age is more easily seen in semithin sections 
than in conventional paraffin sections, owing to t he superim-
posit ion of cells in the latter . Neverth eless, our retrospective 
• We also have taken notice of a recent report on the fine structure 
of epidermis in macular amyloidosis. The authors describe perimelan-
ocytic degeneration of keratinocytes and extracellular accumulations of 
granul ru' material, identical in appearance to those found in patients 
with vit il igo [OI·tonne J -P, Benedetto JP, Perrot H, Thivolet J: Mela· 
nocytes in pigmented macular amyloidosis of the skin, Biology and 
Diseases of Dermal Pigmentation, Proceedings of the International 
Conference on Dermal Pigment Biology and Disorders, Tokyo, 1980. 
Edi ted by TB Fitzpatrick, A Kuki ta, F Morikawa, M Seiji, A Sober, K 
Toda. Tokyo, Univ of Tokyo Press, 1981 , pp 277-298]. 
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FIG 7. Abnormal epidermis of clinically normal, pigmented skin at a distance of 15 cm from the border of an enlarging vitiligo patch. The 
micrograph shows examples of keratinocyte degeneration, grades 1-3 (DK,; DK2 ; DK3). M = portions of melanocyte(s). Patient #13, P. Scale bar 
= O.5f1.m. 
review of vitiligo biopsy slides from the pathology department 
has revealed isolated foci of basal "spongiosis" within normally 
pigmented segments of. epidermis. 
Most previous electron micrographic investigations were fo -
cused on the changes within the vitiliginous areas, in ",vhich the 
' epithelium is quite normal, or on the melanocytes in the border 
areas, At low and intermediate magnifications in the electl'on 
microscope perimelanocytic vacuolar degeneration of keratin-
ocytes is easily misread as a vacuolar degeneration of the 
melanocyte. T he often extreme distortion of the melanocyte by 
an encroaching keratinocytic vacuole makes it appear as though 
the vacuole belonged to the' pigment cell . 
Another impediment to an earlier documentation of the 
defects described here was the known prevalence of artifacts of 
fixation in human biopsy tissues fixed by older methods. Several 
factors in our study preclude the likelihood of artifacts: the 
init ia l experiments with different aldehyde fixation methods; 
the careful infiltration anesthesia around the sites of biopsy; 
the gradient of the defects in patients with progressing vitiligo, 
from a "high" in the normally pigmented epidermis to a "low" 
in the white areas; the quasinormal microanatomy of repig-
menting epidermis; and the absence of the defects in healthy 
control individuals, all lead us to conclude that the vacuolar 
degeneration of keratinocytes and the accumulation of EGM 
are true pathologic changes coincident with the disease process 
that leads to the development of white patches in vitiligo . 
This conclusion will have to be taken into consideration in 
the design of treatment protocols, because only skin that con-
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FIG 8. Comparison of norma lly pigmented (P) (1 cm) and vit iliginous epidermis (W) of a b 'eated nonresponding (black) patient. In P, t he 
basal epidermis is infiltra ted wi th many mononuclear leukocytes (nuclei 1-7). In contrast, the epi th elium in W is unin terrupted. Despite the light 
color of this region, in comparison to the patient's normal a mount of pigmentation, there is some melanin present. Patient #27. Scale bar = 5 f.Lm . 
tains the 3 main epidermal cellular components (keratinocytes, 
melanocytes, and Langerhans cells) is actively diseased. Fur-
thermore, in patients with vitiligo healthy-appearing patches of 
skin cannot be lIsed as controls for the study of the cljnically 
abnormal skin. 
We are indebted to D r. Kur t Stenn, Department of Pathology, Yale 
Univers ity School of M edicine a nd we thank Bernadette Forget, R N ., 
M .S.N . and E lena D iMassa for their expert assistance. 
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DNA Repair Response in Human Epidermal Keratinocytes from Donors 
of Different Age 
SU-CHIN C. Lm, PH.D., C. SHERRY PARSONS, B.s., AND PHILIP C. HANAWALT, PH.D. 
Department of Dermatology, Stanford University School of Medicine, Stanford, and In.ternation.al Psoriasis Research Foundation, Palo 
Alto, California, U.S.A. 
We have compared the excIsIOn-repair and growth 
properties of epidermal keratinocytes from humans of 
different ages. Keratinocytes isolated from newborn and 
adult abdominal skin at autopsy were cultured on col-
lagen gels. Repair replication was assayed by the 
5-bromodeoxyuridine density-labeling method following 
ultraviolet (UV) irradiation (254 run) of the cultures. 
The keratinocytes from newborn donors proliferated 
more rapidly and attained a higher concentration at 
confluence than did those from aged donors. Semi con-
servative DNA replication was inhibited by UV radiation 
to an equal extent in cell cultures from newborns and 
adults. After a UV dose of 13 J/m2, the time course of 
DNA repair was similar for the respective cultures. Fur-
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BSS: (Hanks') balanced salt solu tion 
MEM: minimum essentia l medium 
PBS: phosphate-buffered saline 
SDS: sodium dodecyl sulfate 
thermore, there were no significant differences in the 
time course of repair for keratinocytes in the prolifera-
tive or the plateau phase of growth. The dose-response 
curves for repair replication in cells from both young 
and old donors maximized at about 50 J 1m2 but the 
attenuation in repair at higher doses appeared some-
what greater in cells from older donors. 
We conclude that no significant age-related differences 
exist in the rate and extent of the repair-replication 
response of human epidermal keratinocytes to UV -radia-
tion damage in DNA. However, it remains to be deter-
mined whether other cellular recovery responses to 
damaged DNA are also relatively unrelated to age. 
One of the prominent models for aging has attr ibuted that 
process to an accumulation of umepaired damage in DNA and 
its subsequent manifestation at the physiologic level [1,2]. Since 
the report of an intrinsic limitation of growth of diploid somatic 
cells in culture and the reproducible patterns of cell senescence 
[3], WI-38 human diploid fibroblasts have served as an in vitro 
model for the study of cellular aging. Comparisons have been 
made of the capacity for repair replication in DNA from young 
cells (early passage) and old cells (late passage) following ultra-
violet (UV) irradiation [4-6]. Hart and Setlow [4] reported that 
late-passage WI-38 cells exhibit reduced levels of unscheduled 
DNA synthesis (a meaSUl'e of DNA repair) after UV irradiation, 
